Aims We hypothesized that the assessment of left ventricular regional function (RF) and myocardial perfusion (MP) will provide incremental value over routine evaluation in patients who present to the emergency department (ED) with chest pain (CP) and no ST-segment elevation. Methods and results In addition to routine clinical evaluation, patients with suspected cardiac CP and no ST-segment elevation were evaluated in the ED for RF and MP using contrast echocardiography (CE). Cardiac-related death, acute myocardial infarction, unstable angina pectoris, congestive heart failure (CHF), and revascularization were considered as events within 48 h (early). Of the 1017 patients studied, 166 (16.3%) had early events. Adding RF increased the prognostic information of clinical and EKG variables significantly (Bonferroni corrected P , 0.0001) for predicting these events. When MP was added, significant additional prognostic information was obtained (Bonferroni corrected P ¼ 0.0002). All patients were followed for a median of 7.7 months (25th-75th percentiles: 2.7-12.5) Of these, 292 (28.7%) had events. Adding RF increased the prognostic information of clinical and EKG variables for determining the risk of events significantly (Bonferroni corrected P , 0.0001), which was further increased by adding MP (Bonferroni corrected P , 0.0001). Conclusion Early assessment of RF on CE adds significant diagnostic and prognostic value to routine evaluation in patients presenting to the ED with suspected cardiac CP and no ST-segment elevation. MP provides additional significant value. CE could be a valuable tool in the early triage and management of CP patients presenting to the ED.
Introduction
In the USA, approximately 5 million people visit the emergency department (ED) each year with chest pain (CP). The vast majority are admitted either to the hospital or to a CP unit in the ED, but acute myocardial ischaemia or infarction (AMI) is confirmed in only 10-30%. [1] [2] [3] Many have symptoms that are ultimately attributed to non-ischaemic causes. 4, 5 Of those discharged from the ED, an estimated 2-7% subsequently have acute coronary events. 6, 7 The initial EKG is diagnostic in only 30-40% of patients with ongoing AMI 8 and cardiac enzymes do not become positive for several hours after coronary occlusion. 9, 10 Meanwhile, valuable time is lost before definitive therapy can be offered.
Assessment of either perfusion or function [generally single photon emission tomography (SPECT) [11] [12] [13] for the former and echocardiography [12] [13] [14] [15] for the latter] has been shown to be of considerable value in risk-stratifying patients early after ED admission. Both abnormal left ventricular (LV) myocardial perfusion (MP) and regional function (RF) have been shown to identify high-risk patients, whereas the event rate in those with normal MP or RF has been shown to be low. In this study, we hypothesized that the assessment of both RF and MP will provide incremental value over routine clinical and EKG evaluation in patients presenting to the ED with CP and without ST elevation. To test our hypothesis, we used myocardial contrast echocardiography (MCE), which can provide a rapid bedside assessment of RF and MP. 
Methods

Study sample and protocol
This prospective study was approved by the Human Investigation Committee at the University of Virginia. Patients presenting to the ED with a complaint of CP not easily attributable to a non-cardiac cause (such as chest wall pain or pulmonary pathology), and who did not have ST-segment elevation on the EKG, were approached for enrolment. The inclusion criteria were age .30 years and CP lasting for at least 30 min and occurring within 12 h of ED admission. All patients provided written informed consent. After the history was obtained and physical examination was performed by a cardiologist, EKG, blood samples, and MCE were obtained sequentially. EKG and blood samples were repeated every 6 h as needed. RF or MP results were not shared with the ED physician, who admitted or discharged the patient based on routine criteria (clinical, EKG, and cardiac enzymes).
Echocardiography
Echocardiography was performed using a Sonos 5500 system (Philips Ultrasound). Three millilitres of Optison (GE Healthcare) was diluted in 60 mL of saline and infused intravenously at a rate of 3 mL min 21 using a model AS40A pump (Baxter). The infusion rate was adjusted so as to obtain homogeneous LV cavity opacification with shadowing limited only to the left atrium in the apical views. Images were first acquired for RF analysis in the apical and parasternal views using a low mechanical index (,0.3). MP images were then obtained using high mechanical index (1.0) intermittent imaging (ultrasound transmission gated to end-systole) with transmit/ receive frequency of 1.3/3.6 MHz (ultraharmonics). Ultrasound compression was set at 75%. If tissue signal was seen despite optimization of imaging settings, intermittent harmonic power Doppler imaging was performed to eliminate this signal. Typical settings for this approach included a pulse repetition frequency of 2 kHz, colour gain of 65%, medium line density, small packet size, and minimal persistence. All settings were optimized at the beginning of the study and then held constant. Image acquisition was completed in less than 10 min.
MP images were acquired in apical two-, three-, and fourchamber views at pulsing intervals of one, two, three, four, and five cardiac cycles. The transmit focus was initially set at the level of the mitral valve, but was readjusted to the apex if an apical defect was seen in order to discriminate between a true defect and an artefact. Off-axis images were acquired as needed. RF and MP data were stored separately on magneto-optical disc.
Image interpretation
RF and MP images were read by different experienced observers blinded to all information. Each observer had previously performed RF analysis on thousands of studies and MP analysis on at least 500 patients. RF and MP were scored as normal or abnormal using a 14-segment model, with six segments each in the basal and midpapillary muscle levels and two segments in the apex. MP was scored as abnormal if maximal myocardial opacification was not seen within a segment by five cardiac cycles. A study was considered abnormal if one or more segments were abnormal for either RF or MP. If any segment within a vascular territory could not be assessed from any of the three views, the study was classified as not interpretable. Each visualized segment was also given an RF score, where 0 indicates normal; 1, hypokinesia; 2, akinesia; and 3, dyskinesia.
Follow-up and definition of events
Follow-up was obtained every 6 months for up to 2 years by questionnaire or telephone interview with the patient, patient's family, or the physician. All reported events were confirmed by review of the medical record or death certificate. 'Hard' cardiac events included non-fatal AMI and cardiac-related death. Sudden death occurring without another explanation was categorized as cardiac. 'Soft' events included unstable angina pectoris (UAP), CHF, percutaneous coronary intervention (PCI), and coronary artery bypass grafting (CABG). If a patient had more than one 'soft' or 'hard' event, only the first one was considered for analysis. If a 'soft' event preceded a 'hard' event, it was ignored.
AMI was defined by an abnormal troponin I level (!0.6 ng mL 21 ).
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UAP was defined as CP with dynamic EKG changes and/or peak troponin I levels .0.08 but ,0.6 ng mL 21 . 10 A diagnosis of CHF required confirmation by chest X-ray. The diagnosis of both UAP and CHF required hospital admission. Early events were defined as those occurring within 48 h of ED admission.
Statistical methods
The primary purpose of the statistical analysis was to assess whether each test performed (RF and/or MP) in a hierarchical order added incremental values to routine evaluation. Thus, the pre-specified demographic, clinical, and EKG variables were first analysed because these are routinely available in all patients presenting to the ED with suspected cardiac CP. Then, the added value of RF was assessed because it would be the first piece of information available on CE. After this, the added value of MP was assessed because it would be the next piece of information available on CE (a full model).
For early events, logistic regression models were used to discriminate between patients with and without events. 17, 18 The prespecified explanatory variables included age, hypertension, diabetes, hypercholesterolaemia, smoking status, EKG (normal or abnormal defined with computer-assisted interpretation by a blinded observer), RF, and MP, as well as interaction between the latter two. Cox proportional hazard models were used to determine the risk of cardiac events for all 1017 patients. 17 The Cox proportional hazard assumption was verified based on a x 2 goodness of fit test 17 . Adjusted survival probability was based on the Cox model.
A Wald x 2 test was used to assess the significance of each predictor, and the odds/hazard ratio was used to quantify its effect. The global x 2 statistic by likelihood ratio test was used to compare the overall performance of RF and of combined RF and MP vs. routine evaluation, and subsequently of MP vs. routine evaluation plus RF. Analyses were also adjusted for multiple comparisons in sequential testing between models and in predicted survival probability between different combinations of RF and MP using Bonferroni correction. The type I error rate was specified at a significance level of 0.05, and all tests were two-sided. All statistical analyses were performed using S-Plus version 2000 (Mathsoft, Inc.).
Results
A power analysis indicated that 500 participants would provide at least 90% power for the analyses that were conducted in this study. Fortunately, we were able to recruit more than twice as many patients. Of the 1209 patients approached, 1183 agreed to be recruited and complete assessment was performed in 1182 (one did not get an EKG). Of these, 80 were lost to follow-up and 85 had RF or MP studies deemed to be of inadequate quality. Therefore, complete data were available in 1017. We recognized that the deletion of the patients with incomplete information could cause selection bias. However, we did not observe significant difference in baseline characteristics or in the incidence of events between patients with complete vs. incomplete information.
Early events within 48 h
AMI was seen in 9% of patients, most of whom had subsequent PCI. UAP was seen in 5% of patients, several of whom also had PCI. CHF was seen in a little over 1%, whereas cardiac-related death, emergent PCI, and CABG without a diagnosis of either AMI or UAP occurred in ,1% each. The total early event rate was a little over 16%. Table 1 lists the summary statistics of patients with early cardiac events. Of 20 such patients who had norma RF, only four (25%) had a hard event (AMI). Others had soft events: eight had UAP, seven had PTCA, and one had CABG. Of the 48 patients with early events who had normal MP, 21 (44%) had AMI; the others had soft events: 17 had UAP, three had CHF, six had PTCA, and one had CABG.
On the full multivariable logistic regression analysis, the significant predictors of early cardiac events were the EKG (P ¼ 0.0009), RF (P , 0.0001), and MP (P ¼ 0.0001). There was no significant interaction between RF and MP, so the interaction term was not included in the full model. Patients with abnormal RF were 6.1 times as likely to have an early event compared with those with normal RF [95% confidence interval (CI): 3.5-10.6]. Those with abnormal MP were 2.4 times as likely to experience an event compared with those with normal MP (95% CI: 1.5-3.7). When both RF and MP were abnormal, the odds ratio for an early event was 14.3 (95% CI: 8.3-24.8, P , 0.0001) compared with when both were normal. Figure 1 depicts the global x 2 values derived from multivariable logistic regression models for prediction of early events. The addition of RF to demographic, clinical, and EKG variables resulted in a highly significant increase in the global x 2 value for the prediction of early events (165.2 vs. 51.2, Bonferroni corrected P , 0.0001). When MP was added to these variables the global x 2 value increased even further (180.7, Bonferroni corrected P ¼ 0.0002), indicating that while RF was a very powerful predictor of early events MP provided further incremental information.
Any events over a 2-year follow-up
Of the 1017 patients analysed, 292 (28.7%) had cardiac events over a median follow-up of 7.7 months (25th-75th percentiles: 2.7-12.5). Their characteristics are also depicted in Table 1 . Again, the commonest event was AMI (13.1%) followed by UAP (6.7%), CHF (3.7%), PCI (2%), cardiac-related death (1.9%), and CABG (1.3%).
Of the 43 patients with events who had normal RF, only 10 had a hard event (AMI). Others had soft events: 13 had UAP, two had CHF, 12 had PTCA and six had CABG. Of the 100 patients with events who had normal MP, 35 had AMI and two experienced cardiac-related death. Others had soft events: 27 had UAP, 11 had CHF, 15 had PTCA, and six had CABG. Table 2 displays the number of events within the 2-year follow-up period, which were identified by combination of RF and MP, as well as EKG.
On the full multivariable Cox regression analysis, history of hypertension (P ¼ 0.028), EKG (P ¼ 0.0001), RF (P , 0.0001), and MP (P , 0.0001) were significant predictors of cardiac events. There was no significant interaction between RF and MP so the interaction was not included in the full model. Abnormal RF increased the risk of events by five-fold when compared with normal RF (95% CI: 3.4-7.2), whereas abnormal MP increased the risk by twofold when compared with normal MP (95% CI: 1.5-2.7). When both RF and MP were abnormal, the risk increased to .10-fold (95% CI: 7.1-14.4, P , 0.0001) compared with when both were normal. Figure 2 illustrates the global x 2 values from multivariable Cox regression models for determining the risk of late events. The addition of RF to demographic, clinical, and EKG variables resulted in a significant increase in the global x 2 value for determining risk of late cardiac events (299.4 vs. 104.3, Bonferroni corrected P , 0.0001). When MP was added to these models, a further increase was noted (325.7, Bonferroni corrected P , 0.0001). Thus, even though RF was a very powerful predictor of late events, MP provided significant additional information. Figure 3 depicts the adjusted survival probability for patients with different combinations of RF and MP values. When both RF and MP were normal, the 1-and 2-year cardiac event rates were 9.8 and 12.6%, respectively. Most events were 'soft' in nature. These rates increased, respectively, to 18.9 and 21% when RF was normal but MP was abnormal (Bonferroni corrected P , 0.0001), and to 40.1 and 48.8% when RF was abnormal but MP was normal (Bonferroni corrected P , 0.0001). These rates increased even further (64.7 and 74.4%, respectively) when both RF and MP were abnormal (Bonferroni corrected P , 0.0001). Thus, adding MP information further risk-stratified patients. Similar results were noted when cardiac events were divided into hard (death and AMI) or soft (UAP, CABG, CHF, and PCI).
The overall results of the study were not different whether MP or RF was expressed in binary terms or as a proportion of segments that were abnormal. Similar conclusion can be made when the 18% patients with a prior Q-wave on the EKG and/or thinned out and scarred myocardium on echocardiography were excluded from the analysis.
Discussion
In this study, we have defined the incremental value of MP and RF over routine clinical and EKG evaluation in patients presenting to the ED with suspected cardiac CP and no STsegment elevation on the initial EKG. Not only did the study include a large patient sample and employ a prospective design, but it also used a new clinical tool that can be employed rapidly at the bedside to provide direct online assessment of both RF and MP. This approach can assist a physician in determining disposition of patients immediately upon arrival to the ED, thus potentially increasing efficiency and decreasing cost.
Incremental value of RF and MP
The incremental value of RF over demographic, clinical, and EKG data in this study is even more impressive than in a 1  1  10  26  3  35  38  PTCA  11  1  4  4  7  13  20  USAP  13  0  14  41  11  57  68   Total  40  3  56  193  50  242  292 Nor, normal; Abn, abnormal. Ã Bonferroni corrected P , 0.01 indicated there were significant differences in survival probabilities between any two groups. The survival probabilities have been adjusted for patients' age, hypertension, diabetes, hypercholesterolaemia, smoking status, and EKG.
previously published smaller study. 14, 15 Although MP alone also adds significant incremental information to routine clinical evaluation, the increase is not as marked as that provided by RF alone. This should not be surprising because resting LV function has been repeatedly demonstrated to be the most important predictor of future cardiac events. 19, 20 This information is contrary to findings of a previous smaller study in a similar patient cohort. 12 In that study, we found MP to be superior to RF in predicting events. However, we used an old MCE technique (bolus injections of contrast) which has been found to be suboptimal and has been largely discarded. We also limited the follow-up to 48 h and did not include UAP as an event. Finally, the study cohort was one-fifth in size compared with the present study, the results of which are more relevant to contemporary echocardiography.
Interestingly, in the current study, MP added the most in patients who already had abnormal RF, which is a new finding. Those with normal MP but abnormal RF were at much lower risk than those in whom both MP and RF were abnormal. The latter probably indicates patients with very low myocardial blood flow, whereas the former represents those with near normal flow, and could include patients with myocardial stunning due to repetitive ischaemia or spontaneous reperfusion rather than those with total coronary occlusion. They could also represent patients with extensive collateral flow who have near normal MP, despite total coronary occlusion. 21 Finally, patients with non-ischaemic cardiomyopathy (from hypertension, etc.) would also have normal MP despite LV dysfunction. All these patients would typically be at less risk than those in whom MP was persistently reduced, such as most patients with AMI and UAP.
Critique of our methods
Contrast improves endocardial border detection, thus enabling a better evaluation of RF. 22, 23 With this approach, RF could be assessed in all vascular territories in all but 2% of our patients, an incidence much lower than previously reported when contrast was not used. It also reduces observer variability and enhances the confidence of the reader. 23 For MP, we used intermittent high mechanical index ultraharmonic imaging because the signal-to-noise ratio is more robust than with the 'real-time' low mechanical index approaches. 24 Using this method, we were able to obtain complete evaluation of MP in all but 4% of our patients. We did not quantify MCE data for two principal reasons. First, we wanted to use an approach that would be currently applicable to the ED. Quantification requires offline image analysis and is time consuming at present. Secondly, we have previously shown that in a sizeable minority of patients, quantification is not possible because of the quality of the original studies. 24 Perhaps, these limitations could be minimized in the future and rapid quantification of MCE data could be used routinely in any clinical setting.
We missed some patients who came to the ED at night. However, because patients could be recruited for up to 12 h after CP occurrence, most were enrolled the following morning. The proportion of patients with hard events that were missed by echocardiography alone was smaller than the number reported in patients discharged from the ED after routine evaluation. 6, 7 None of these events was fatal.
Clinical implications
The evaluation of patients presenting to the ED with CP has not changed appreciably over the past four decades. It still relies on the EKG and blood tests. Although newer blood tests (troponin, myoglobin, etc.) have increased the sensitivity of AMI detection, these still take several hours to become positive. Our results show that the rapid assessment of RF and MP provides significant incremental information when compared with routine evaluation of patients presenting to the ED with CP.
On the basis of our results, we suggest the following paradigm in patients presenting to the ED with suspected cardiac CP who do not have ST-segment elevation on the EKG. Rather than wait for serum troponin levels, these patients should immediately undergo CE to assess RF. If RF is normal and there is a low pre-test likelihood of CAD, the patients could be discharged. If the pre-test likelihood for CAD is moderate to high, the patient should undergo stress imaging.
If RF is abnormal, the patient should undergo MP assessment. If MP is abnormal, the patient should undergo coronary angiography. If MP is normal, the patient should be monitored until the troponin results become available. If troponin is positive, the patient should undergo coronary angiography; if it is negative and the patient is stable, they should undergo stress imaging for detection of ischaemia (reversible MP or RF defects).
We believe that such an approach will not only help identify patients experiencing myocardial ischaemia or AMI early and offer them appropriate therapy, but will also identify low-risk patients who can be safely discharged, thus reducing cost. Obviously, such an algorithm needs to be applied prospectively in the ED to determine its value in patient management and curtailing cost.
